The effects of intermittent back pressure on vaporizer function have been reported extensively. Hill and Lowe found that concentrations delivered by susceptible vaporizers during controlled or assisted ventilation were considerably greater than when the vaporizer was used with free flow [1] . The effect is greatest at small gas flows [2] . However, little information has been published on the potential hazards of reversing the fresh gas flow rate through the vaporizer. Marks and Bullard concluded that flowing gases in a reverse direction resulted in approximately double the output indicated on the vaporizer dial [3] . This paper describes inadvertent reversal of flow through a vaporizer used for anaesthesia in two equine patients. When the fault had been discovered and rectified, the vaporizer was subjected to laboratory investigation.
CASE REPORTS
Two horses required general anaesthesia for orthopaedic surgery, the first for an elective procedure and the second for emergency fracture repair. Preanaesthetic examination revealed no evidence of concurrent disease.
All anaesthetic equipment was checked by the anaesthetist before use and the standard anaesthetic practice of this hospital was followed in each case. Cardiovascular and ventilatory variables were monitored by methods currently accepted in this species [4, 5] and the vaporizer setting adjusted accordingly. Despite this, in each of the animals there was a sudden deterioration in cardiovascular and respiratory status, and a loss of ocular reflexes after being moved to the operating table. The cause of this dramatic increase in depth of anaesthesia was not apparent at the time.
Appropriate resuscitative therapy was successful in each case. The animal undergoing the elective procedure was allowed to recover immediately after resuscitation without surgical intervention. Subsequent investigation revealed that the fresh gas flows had been routed inadvertently through the vaporizer in the reverse direction. The apparatus involved was a new Large Animal Circle (Matrix) with a Fluotec Mark III vaporizer which had not been used previously. Two other large animal anaesthetic machines, including a mechanical ventilator (North American Drager) have been in regular use at the hospital for several years. Although the incidents occurred 2 weeks apart, this particular anaesthetic machine was not used in the intervening time.
Laboratory investigation
Halothane vapour concentration was measured using an on-line organic anaesthetic analyser (Wetenschappelijk Technische Instrumentatie B.V. Anaesthetic Gas Analyser (W.T.I.)). This system uses a specially designed hydrogen flame-ionization detector (FID) [6] . It is sensitive only to organic agents, in this case the anaesthetic used; inorganic components, such as oxygen, are not detected. The ionization current, measured with an electrometer amplifier, is proportional to the amount of organic anaesthetic agent that reaches the FID per unit time.
Step response-time is approximately 0.2 s, and the small dimension of the capillary transport tube ensures that there is no mixing between successive samples. The large dynamic range, excellent stability and high sensitivity of this detector are well known from gas chromatography applications [7] .
The unit was first calibrated using a W.T.I. Anaesthetic Gas Calibrator, designed specifically for this purpose [7, 8] .
The first part of the investigation involved measurement of vaporizer output with the flow in the forward direction. The vaporizer (Fluotec Mark III) was connected in a free-standing manner to a standard anaesthetic trolley (British Oxygen Company Ltd, BOC). A short length of corrugated tubing, which was bent to ensure adequate mixing of the vapour, was attached to the vaporizer outlet. The capillary transport tube from the W.T.I, analyser was placed into this tubing for sampling. The position and orientation of the sampling needle remained constant throughout the investigation. Results were displayed continuously using a chartrecorder.
Using an initial fiowmeter setting of 1 litre min" 1 , oxygen was delivered through the vaporizer in the forward direction. The vaporizer dial setting was adjusted in 1 % increments from 1 to 5 % halothane, and the output at each setting recorded.
The procedure was repeated using fiowmeter settings of 4 litre min" 1 and then 8 litre min" 1 . Each test was performed twice and mean values calculated (table I). The analyser was re-calibrated between successive tests to prevent drift.
The second part of the investigation involved measurement of vaporizer output with the flow in the reverse direction. For this purpose, the inlet and outlet pipes were transposed and the procedure repeated exactly as before.
Temperature and pressure remained constant (24 °C and 760 mm Hg, respectively).
As the purpose of this investigation was to demonstrate the grossness of the error, only two readings were taken at each vaporizer setting and a mean value calculated (table I) . No attempt was made to define a calibration curve for the vaporizer under these conditions.
DISCUSSION
The anaesthetic machine standard requires that the inlet of a vaporizer be male and the outlet female, the direction of gas flow marked and the inlet and outlet parts labelled [9] .
Whilst all these requirements were met in the Large Animal Circle (Matrix) used in both of these anaesthetics, the rubber tubing designed to deliver fresh gases from the flowmeters to the vaporizer inlet and that leading from the vaporizer outlet to the breathing system are of the same appearance and diameter. In addition, hose connections had not been crimped by the manufacturers. These factors allow the possibility of incorrect assembly, with the gas flowing through the vaporizer in the reverse direction.
The American design of this particular circle system, with the vaporizer sited to the left of the flowmeters, is such that it may not be immediately obvious to the observer that such a mistake has been made. The machine was used exactly as it was supplied by the manufacturers and the routine preoperative equipment check did not reveal that our apparatus had been assembled incorrectly.
It cannot be over-emphasized that anaesthetists should be familiar with any piece of equipment before they attempt to use it, and that a thorough check of all apparatus is made before each use. However, we do feel that the design of this particular model might be modified in such a way as to make it impossible to connect the tubing to the wrong male/female connectors in this manner.
Marks and Bullard also drew attention to the fact that connecting a free-standing vaporizer in reverse is easily done and easily overlooked [3] . Where portable vaporizers are used, special care must be taken to ensure that gases flow through them in the correct direction because, although inlet and outlet sides of the vaporizer are marked, the labelling is not conspicuous and the same size of tubing fits each side.
